In this paper, we analyze the operating principle of LEACH protocol and present an improved algorithm LRDA (LEACH Region Divided Algorithm) proposed for large-scale wireless sensor networks. The main idea is dividing network into different sizes of areas according to the theorems of optimal number of hops and the minimum energy consumption in ideal conditions. The cluster heads use multi-hop communication to send their data to the base station. The clusters closer to the base station have smaller sizes than those farther away, thus the cluster heads closer to the base station can preserve some energy for data forwarding. The protocol broke the network scale limit and balanced the energy load of the cluster heads. Simulation shows that it prolongs the lifetime of the network and increases the throughput of the network.
Introduction
Wireless Sensor Networks (WSNs) that are hierarchically clustered can reduce the energy consumption of the networks effectively. Many routing protocols designed are based on the clustered scheme. WSNs that are clustered have many advantages such as simple topology management, high quality of energy consumption and simple data aggregation. Recent years some hierarchical protocols are proposed for WSNs, such as LEACH [1] and PEGASIS [2] , and some protocols [3, 4, 5, 6] proposed for WSNs consider the energy consumption of the network. Although, the energy of the network can be saved, but these algorithms demand that the nodes of the network in any position have to communicate with the SINK directly. The scalability of the network is limited, so they can't be applied to large-scaled heterogeneous WSNs. Moreover, the analytical results for these researches are obtained assuming that the nodes of the sensor network are equipped with the same amount of energy. In fact, the heterogeneous WSNs are closer to the realistic model. Protocols such as GAF and GRID [7] can realize the multi-hop transmission between the clusters. But they still can not be applied to the large-scale WSNs.
The rest of this paper is organized as follows. The LEACH algorithm and the improved algorithm are introduced in Section 2 and Section 3, respectively. In Section 4, the simulation is performed and the results are compared with the LEACH algorithm. Finally, conclusions are drawn in Section 5.
Relevant Fundamental Research

LEACH Algorithm
LEACH is a typical hierarchically clustered routing protocol for WSNs. At the beginning of each round of data aggregation, a small part of the nodes are elected as cluster heads, during the transmission stage, cluster heads transmit the data to the base station through single hop mode. LEACH balances the energy consumption of network through changing the role of the nodes in the network.
From the LEACH algorithm, we can find it's disadvantages as follows:
The selection of the cluster head is random in the LEACH algorithm. Some regions may have many cluster heads while some regions may have no cluster head. The normal nodes consume much energy to send information to the cluster head in the region without cluster head.
The energy of node is not combined during the selecting of a cluster head in the LEACH algorithm. Thus, even if a node doesn't have enough energy to support the energy consumption of the current round of communication, it may become a cluster head. This condition may result in the failure of the entire cluster and missing the data of the normal nodes in the cluster, so this detected region will be blind.
The cluster head sends data to the sink node directly in the LEACH algorithm. If the distance between the cluster head and the sink node is longer than d 0 , then sending data needs the multipath fading channel model and consumes much energy.
PEGASIS Algorithm
PEGASIS Algorithm is based on the routing idea of "chain". In PEGASIS all the nodes of the network are connected with one or many chains, the nodes only communicate with their neighbors in the same chain and transmit the data to the base station in turns. In PEGASIS nodes can communicate with the base station directly. Due to the limitation of energy of the nodes and the communication range, this algorithm can't be applied to large-scaled wireless sensor networks.
GRID Algorithm
The main idea of GRID algorithm is dividing the whole surveillance area into many grids with the same size. In each grid, a cluster head would be elected to transmit the packets. This algorithm has realized the multi-hop transmission between the cluster heads and can be applied to largescaled network. However, it has created the problem of imbalance in the energy consumption: the cluster heads near the SINK have to transmit large amounts of data from other cluster heads.
This would cause an excessive burden to those cluster heads near the SINK, and cause the early death of those cluster heads, so the lifetime of the network would be shortened.
Improved Algorithm
Energy Consumption Model
In this article, we use the widely used energy consumption model that is used by document [8] . In the collaborative model, it is assumed that the alive nodes play one of these three roles:
Sensor: The node observes the source via an integrated sensor, digitizes this information, postprocesses it and produces datal. It is this data which needs to be relayed back to the base station.
Relay: The node simply forwards the received data onward without any processing.
Powered down: The node is live but does not participate in either sensing or relaying the data.
Every node has a sensor, analog pre-conditioning and data conversion circuitry (A/D), digital signal processing and a radio link. Since we are dealing with nodes that are either sensors or pure relays (or powered down), the key energy parameters are the energy needed to sense a bit (E sense ) receive a bit (E rx ) and transmit a bit over a distance d (E tx ). Assuming a 1/d n path loss [9] , these take the form:
where α 11 is the energy/bit consumed by the transmitter electronics (including energy costs of imperfect duty cycling due to finite startup time), α 2 accounts for energy dissipated in the transmit op-amp (including op-amp inefficiencies), α 12 is the energy/bit consumed by the receiver electronics and α 3 is the energy cost of sensing a bit. Hence, the energy consumed per second (i.e. power) by a node acting as a relay that receives data and then transmits it d meters onward is:
where r is the number of bits relayed per second (or the relay rate).
Region Divided
The division of the region has a great impact on the routing protocol. So how many hops should be used during the transmission between the source node and the destination node? And how long is the distance of each hop? Document [10] has given the conclusion based on the ideal condition through two proved theorems. 
In these article we divide the region according to the two theorems,
As Fig. 1 shows, we assume that all nodes are distributed randomly over the 200 m×200 m square area, the coordinate of the SINK is (0.0). The dividing method can be divided into two steps. 1) Using two perpendicular lines whose intersection point is the in the center of the square to divide the square into four regions. Then connect the diagonals of the square to divide the square into eight small triangle regions. 2) Split the diagonals of the square with length of Kd 1 ,
, connect the split points in all the diagonals, then the whole square area is divided in to many small regions. The node should be signed by the regional label. If the two perpendicular lines is the coordinate X-axis and Y-axis, then the eight triangle regions can be the first, the second, · · · and the eighth triangle region respectively. The area from the center of the square to the first square can be signed as the first annular region, the area from the first square to the second square can be signed as the second annular region, the rest regions can also be signed like this. Nodes can be signed by it's regional label according to it's triangle and annular region. If the triangle and annular region labels of a node are a and b respectively, then the regional label of the node is 10a+b. For example, if the triangle and annular region labels of a node are 2 and 4 respectively, then it's regional label is 20+4=24.
Establishment Stage
Finally, the distribution of nodes in the square surveillance area and region divided is showed in Fig. 2 . We denote with • a normal node, with + an advanced node, with red * a cluster head, and with red • the SINK. From Fig. 2 , we can see that clusters near the SINK has less cluster members, this will save the energy of the clusters near the SINK and make sure that they have enough energy to transmit the data from other clusters. Thus, the purpose of balanced energy consumption of the network can be achieved. The cluster head is selected according to the energy of the node in each region. If a node's energy is the largest in a region, then the node becomes cluster head and broadcasts, and the other nodes send information to join the cluster in the region. The process of judging which node's energy is the largest depends on the exchange of the node's information of energy. At the beginning of the network, each node broadcasts the information of it's energy, and the broadcasting range is just the furthest distance in the region. After receiving the information, each node compares it's energy with the receiving energy information. If the node's energy is larger than all the receiving energy, the node will become the cluster head. If not, the node will become the normal node. The normal node sends information to join the cluster. Each cluster head creates a message of TDMA slot and sends the broadcast message to all nodes in the cluster region.
Stable Stage
At the stable stage, normal nodes will send the monitoring information to the cluster head in the time slot. In the other time slot, the normal nodes would sleep to reduce the consumption of energy. The cluster head will fuse the data after receiving all the data, and transmit the fusing data to the next hop node. The next hop node is also a cluster head which is closer to the SINK. For example, if the cluster head with the regional label 10a+b has to transmit data to the SINK, the data will be transmitted by the cluster heads with the regional label 10a+b-1, 10a+b-2, 10a+b-3, · · · until the data is received by SINK.
Simulation Results
Network Model
• Square surveillance area.
• Initial energy of nodes are heterogeneous.
• The sink node is in the center of the square surveillance area.
• 200 nodes are distributed in the square area randomly and statically.
• The ratio of the optimal number of cluster heads and the total number p=0.08.
• Normal nodes need to send information to the cluster head in each round.
• The positions of the nodes are known by each node.
Evaluation Parameters
Let us assume the case where a percentage of the population of sensor nodes is equipped with more energy resources than the rest of the nodes. Let m be the fraction of the total number of nodes n, which are equipped with α times more energy than the others. We refer to these powerful nodes as advanced nodes, and the rest (1-m)×n nodes as normal nodes. In this paper, we assume m=0.1, α=0.5.
In this paper, some parameters are used both in the LEACH algorithm and the LRDA. These parameters are listed in Table 1 . The initial energy of each normal node in the LEACH algorithm is fixed, and E 0 = 0.5j. In LRDA, the initial energy of each normal node is random around 0.5j. In both algorithms, the position of each node is distributed randomly in the square surveillance area.
Simulation Results and Analysis
The round of the first node failure during the process of routing protocol run is an important parameter to measure the lifetime of the WSNs, here the round of the first node failure is the lifetime of the WSNs. From Fig. 3 , the first death of a node is 958 rounds in SRDA, while the first death of a node is 671 rounds in the LEACH algorithm. Then the rate of extending the life to LEACH is (958-671)/671=43%. Half number of nodes death is 1021 rounds, while in the LEACH algorithm, the round is 796. The round that all nodes die is almost the same round in two algorithm. We can see that SRDA prolongs the lifetime of the wireless sensor networks apparently comparing with LEACH.
We assume that the available bandwidth over the sensor network is not tight. Fig. 4 shows the throughput from cluster heads to the sink. The throughput of LRDA is significantly larger than that of LEACH during the whole life of the network. This means that because LRDA guarantees cluster heads in more rounds then these cluster heads will report to the sink. 
Conclusion
We propose a routing method LRDA to prolong the lifetime of WSNs, where the square surveillance area is divided into small regions, and each region must select a cluster head, according to energy. The cluster head hunts for the next hop node after fusing data received, until the data is transmitted to the SINK. Simulation results show that the LRDA can extend the life time of wireless sensor networks effectively and increase throughput of LEACH significantly.
